A Gram-reaction-negative, strictly aerobic, non-motile, non-spore-forming and rod-shaped bacterial strain, designated THG-45 T , was isolated from soil of a ginseng field of Pocheon province in the Republic of Korea and its taxonomic position was investigated by a polyphasic approach. Growth occurred at 4-30 6C, at pH 5.5-9.0 and with 0-2 % (w/v) NaCl on nutrient agar. On the basis of 16S rRNA gene sequence similarity, strain T was shown to belong to the genus Pedobacter and was related to Pedobacter borealis G-1 T (98.8 %), P. alluvionis NWER-II11 T (97.9 %), P. agri PB92 T (97.9 %), P. terrae DS-57 T (97.5 %), P. suwonensis 15-52 T (97.4 %), P. sandarakinus DS-27 T (97.0 %) and P. soli 15-51 T (97.0 %), but DNA relatedness between strain THG-45 T and these strains was below 36 %. The G+C content of the genomic DNA was 39 mol%. The only isoprenoid quinone detected in strain THG-45 T was menaquinone-7
T ).
The genus Pedobacter, a member of the family Sphingobacteriaceae, phylum Bacteroidetes was first established by Steyn et al. (1998) and subsequently emended by Vanparys et al. (2005) , Hwang et al. (2006) , Gallego et al. (2006) and Zhou et al. (2012) . At the time of writing, the genus Pedobacter consists of 27 species with validly published names. These comprise Gram-staining-negative, strictly aerobic rods, non-motile or motile by gliding, with menaquinone-7 (MK-7) as the major menaquinone, iso-C 15 : 0 , iso-C 15 : 0 2-OH/C 16 : 1 v7c and iso-C 17 : 0 3OH as the major cellular fatty acids, and a DNA G+C content in the range 36-45 mol% (Margesin & Shivaji, 2011) . Strains representing the genus Pedobacter have been isolated from a variety of environments, such as soil, sediment or compost (Yoon et al., 2007; Gordon et al., 2009) , drinking water (Gallego et al., 2006) , a hypertrophic pond (Hwang et al., 2006) and a nitrifying inoculum (Vanparys et al., 2005) . In this study, a bacterial strain able to transform ginsenosides was isolated from soil of a ginseng field and designated THG-45 T . 16S rRNA gene sequence analysis showed that strain THG-45 T belonged to the genus Pedobacter. On the basis of chemotaxonomic and physiological data, we describe strain THG-45 T as a representative of a novel species of the genus Pedobacter.
A soil sample collected in a ginseng field of Pocheon province (37 u 50-569 N 127 u 6-139 E) in the Republic of Korea was thoroughly suspended in 50 mM phosphate buffer (pH 7.0) and spread on R2A agar (BD). The plates were incubated at 28 u C for 2 weeks. Single colonies were purified by transfer on nutrient agar (NA; BD) or R2A agar. T was cultured routinely on these media at 28 u C and preserved as a suspension in nutrient broth (NB; BD) with 20 % (w/v) glycerol at 270 u C.
Extraction of the genomic DNA was achieved using a commercial genomic DNA extraction kit (Solgent). The 16S rRNA gene was amplified from the chromosomal DNA with the universal bacterial primer pair 27F and 1492R (Weisburg et al., 1991) and the purified PCR products were sequenced by Solgent (Daejeon, Korea). The almost complete sequence of the 16S rRNA gene was compiled using the SeqMan software (DNASTAR), and the 16S rRNA gene sequences of related taxa were obtained from the GenBank database and the EzTaxon-e server (http:// eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . Multiple alignments were performed by using the CLUSTAL X program (Thompson et al., 1997) and gaps were edited in the BioEdit program (Hall, 1999) . The evolutionary distances were calculated using the Kimura two-parameter model (Kimura, 1983) and phylogenetic trees were reconstructed using the neighbour-joining (Saitou & Nei, 1987) and maximum-parsimony (Fitch, 1971 ) methods in the MEGA4 program (Kumar et al., 2008) , with bootstrap values based on 1000 replications (Felsenstein, 1985) .
The 16S rRNA gene sequence of strain T determined in this study was a continuous stretch of 1443 bp. According to the EzTaxon-e server, the closest relatives of strain T were Pedobacter borealis G-1 T (Gordon et al., 2009; 98.8 %) , P. alluvionis NWER-II11
T (Gordon et al., 2009; 97 .9 %), P. agri PB92 T (Roh et al., 2008; 97 .9 %), P. terrae DS-57 T (Yoon et al., 2007; 97.5 %) , P. suwonensis 15-52 T (Kwon et al., 2007; 97 .4 %), P. sandarakinus DS-27 T (Yoon et al., 2006; 97 .0 %) and P. soli 15-51 T (Kwon et al., 2011; 97.0 %) . Sequence similarities below 97.0 % were found with all other recognized species of the genus Pedobacter. The relationship between strain THG-45 T and members of the genus Pedobacter was also evident in the neighbour-joining phylogenetic tree, based on 1350 nt (Fig. 1) . The maximumparsimony tree showed essentially the same topology. On the basis of the phylogenetic inference, the seven above-mentioned type strains were obtained from culture collections and used as reference strains in phenotypic tests and DNA-DNA hybridization experiments.
The Gram-reaction was performed by the non-staining method (Buck, 1982) . Cell morphology was observed with a transmission electron microscope at 611,000 magnification (Tecnai G2 Spirit Twin, FEI) using cells grown for 48 h at 28 u C in NB (Fig. S1 , available in IJSEM Online). The hanging-drop technique and phase-contrast microscopy were used to assess gliding motility (Bernardet et al., 2002) . Catalase activity was assessed by bubble production in 3 % (v/v) H 2 O 2 and oxidase activity was determined using 1 % (w/v) tetramethyl-p-phenylenediamine. Assimilation of energy sources, enzyme activities and other biochemical characteristics were tested by using API 20NE, API ID 32GN and API ZYM kits according to the instructions of the manufacturer (bioMérieux). Hydrolysis of DNA [using DNase agar (Scharlau) plates flooded with 1M HCl], casein [on NA supplemented with 2 % skim milk (BD)] and starch [on NA containing 1 % starch (BD)] was evaluated after 2 days of incubation at 28 u C. Growth at 4, 10, 18, 25, 28, 30, 35, 37 and 45 u C and at pH 4.0-10.0 (at 0.5 pH unit intervals) was assessed in NB after 5 days of incubation. Three different buffers (final concentration, 50 mM) were used to adjust the pH of NB: acetate buffer for pH 4.0-5.5; phosphate buffer for pH 6.0-8.0; and Tris buffer for pH 8.5-10.0. Salt requirement and tolerance was tested in NB supplemented with 0-10 % NaCl (at 1 % intervals) after 5 days of incubation. Growth was estimated by monitoring the OD at 600 nm. Anaerobic growth was tested in serum bottles containing NB supplemented with thioglycolate (1 g l 21 ), in which the air was substituted with nitrogen gas. Growth was also evaluated on NA, trypticase soy agar (TSA; BD) and MacConkey agar (BD) at 28 uC. The phenotypic characteristics of strain T are given in the description and in Table 1 .
The genomic DNA of strain THG-45
T was extracted and purified as described by Moore & Dowhan (1995) . The G+C content of the chromosomal DNA was determined as described by Mesbah et al. (1989) using reversedphase HPLC. DNA-DNA hybridization experiments were performed according to Ezaki et al. (1989) T is a novel species of the genus Pedobacter according to Wayne et al. (1987) and Stackebrandt & Goebel (1994) .
The cellular fatty acid profiles of strain T and the seven reference type strains were determined using cells grown on NA for 2 days at 28 u C. The cellular fatty acids were saponified, methylated and extracted according to the protocol of the Sherlock Microbial Identification System (MIDI). The fatty acids were identified by gas chromatography (capillary GLC 6890, Hewlett Packard) and the Sherlock aerobic bacterial database (TSBA60) (Sasser, 1990) . For isoprenoid quinone analysis, isoprenoid quinones were extracted from lyophilized cells of strain T with chloroform/methanol (2 : 1, v/v), evaporated under vacuum and re-extracted in n-hexane/water (1 : 1, v/v). The crude n-hexane-quinone solution was purified using Sep-Pak Vac silica cartridges (Waters) and subsequently analysed by RP-HPLC [solvent, methanol/2-propanol (7 : 5, v/v); flow rate, 1.0 ml . min
21
] as described Pedobacter ginsenosidimutans sp. nov.
by Hiraishi et al. (1996) . The polar lipids of strain THG-45 T were extracted from freeze-dried cells grown on NA for 48 h at 28 u C, analysed by two-dimensional TLC and identified as described by Minnikin et al. (1977) .
The fatty acid profiles of strain T and the seven reference strains are shown in Table 2 . The fatty acids of strain T mainly consisted of iso-C 15 : 0 (30.1 %), summed feature 3 (comprising C 16 : 1 v6c and/or C 16 : 1 v7c; 24.5 %) and iso-C 17 : 0 3-OH (18.2 %). The fatty acid composition of strain T was very similar to that of the reference strains, with only limited variation in the respective proportions of the different components ( Table  2 ). The only respiratory quinone detected in strain THG-45 T was menaquinone-7 (MK-7), in line with all other members of the family Sphingobacteriaceae. The polar lipid profile of strain T is shown in Fig. S2 . The major polar lipids were phosphatidylethanolamine and one unidentified aminophosphoglycolipid, but significant amounts of two unidentified glycolipids, five unidentified aminolipids, three unidentified aminophospholipids and four unidentified lipids were also present. This profile was similar to that reported for other species of the genus Pedobacter (Zhou et al., 2012; Hoang et al., 2013) .
The characteristics of strain THG-45
T were consistent with the description of the genus Pedobacter with regard to morphological, biochemical and chemotaxonomic properties. However, the phylogenetic distance between strain THG-45 T and recognized species of the genus Pedobacter, the unique combination of phenotypic characteristics (Table 1 ) and the low level of DNA-DNA relatedness
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Description of Pedobacter ginsenosidimutans sp. nov.
Pedobacter ginsenosidimutans (gin.se.no.si.di.mu9tans. N.L. n. ginsenosidum ginsenoside; L. part. adj. mutans transforming, converting; N.L. part. adj. ginsenosidimutans ginsenoside-converting).
Cells are Gram-reaction-negative, strictly aerobic, nonmotile, non-spore-forming rods, approximately 0.4-0.5 mm in diameter and 1-1.5 mm in length after growth on NA for 2 days. Colonies are smooth, convex, circular with regular margins, light pink and 2-3 mm in diameter after 2 days on NA. Growth also occurs on TSA and R2A agar but not on MacConkey agar. Growth on NA occurs at 4-30 u C, but not at 35-45 u C, and at pH 5.5-9.0. Growth occurs in the absence of NaCl and in the presence of 1-2 % (w/v) NaCl, but not in the present of 3 % (w/v) NaCl. Optimum growth occurs at 25-30 u C, at pH 7.0-7.5 and in the presence of 0-1 % NaCl. Starch, casein and DNA are hydrolysed. Positive for oxidase, catalase, a-chymotrypsin, a-galactosidase, a-mannosidase, afucosidase, b-glucosidase, b-galactosidase (PNPG), alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, trypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-glucosidase and Gordon et al., 2009; Roh et al., 2008; Yoon et al., 2007; Kwon et al., 2007; Yoon et al., 2006; Kwon et al., 2011) . All strains are strictly aerobic and positive for the following: oxidase, catalase, b-galactosidase (PNPG), alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, trypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, aglucosidase and N-acetyl-b-glucosaminidase activities; and assimilation of D-glucose, D-mannose, N-acetyl-D-glucosamine, maltose, salicin, melibiose and sucrose. All species are negative for the following: gliding motility; Gram staining; sporulation; nitrate reduction; production of indole and H 2 S; glucose acidification; urease, lipase (C14) and cystine arylamidase activities; and assimilation of D-mannitol, 
